Stem cells: looking back and ahead




Stem cells: laboratory to the patient

What do we need to know or think about?

1. The cells: obtaining the proper cells, and then learning
how to utilize them in preclinical models

2. The host: learning how stem cells, or their derivatives,
behave when introduced into tissues/organs

3. The disorders we wish to treat: what are the most
promising conditions for treatment with stem cells or their
derivatives?

4. Transitioning to the clinic: synthesizing the above, and
navigating clinical regulatory environment, ethics, etc.




Some historical examples to consider

1. Bone Marrow Transplantation: a cellular, stem
cell therapy now 50 yrs old. How did it proceed
In the “early days”?

2. Assisted Reproduction: cellular manipulation
that emerged on the public scene quickly

3. Gene Therapy: cellular and molecular therapy
with “checkered” history. What might we learn?



BMT: the early days

In 1955, at the invitation of Dr. Joseph Ferrebee | went to the Mary Imogene Basset Hospital in
Cooperstown, N. Y., an affiliate of Columbia University. Immediately, we began to work on marrow
transplantation in human patients and in the dog, as an outbred animal suitable for clinical care
comparable to human patients. Except for an occasional patient with an identical twin, we quickly learned
that allogeneic marrow transplants in man were going to be very difficult. Joe Ferrebee and | and our
young colleagues concentrated on working with our dogs on many aspects of marrow transplantation. The
long cold winters, absence of commuting problems and opportunity for long discussions were conducive to
our work. Those years had a deep and abiding influence on subsequent work since most of the basic
concepts were laid out during that time.

E. D. Thomas
Nobel Lecture 1991



BMT: rapid progress Iin the early days
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Bone Marrow Transplantation

A true stem cell success story
e Founded on strong science and trial-and-error

e Developed in animal models, yet transition to clinical
experiments occurred quite early on

e Initial scientific advances largely out of the public eye

e Initial failures overcome by persistence of committed
Investigators

At least 20 yr timeframe before clearly successful

 Now a mainstay of medicine



An Interesting Date in Medicine

July 27, 1978

Two bits of medical news:
* Prenatal genetic diagnosis by DNA analysis

e Assisted reproduction announcement
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Application of endonuclease mapping to the analysis and prenatal
diagnosis of thalassemias caused by globin-gene deletion.

Orkin SH, Alter BP, Altay C, Mahoney MJ, Lazarus H, Hobbins JC, Nathan
DG.

We applied a recently developed and more direct technic to diagnose thalassemia
syndromes associated with deletion of particular globin structural genes and to
assess a fetus at nisk for one of those conditions, deltabeta-thalassema. The method
allows assessment of the globin genes present in total cellular DNA and 1s
applicable to amniotic-fluid cell DNA. Cellular DNA fragments produced by
cleavage using two specific restriction endonucleases are separated on the basis of
size by agarose-gel electrophoresis, and the distribution of specific sequences
among the DNA fragments determined by molecular hybridization. We observed
the total deletion of alpha-globin genes in homozygous alpha-thalassemia (hydrops
fetalis with hemoglobin Bart's) and the deletion of particular beta and beta-like
sequences 1n cases homozygous for hereditary persistence of fetal hemoglobin and
deltabeta-thalassemia. Analysis of amniotic-fluid cell DNA from a fetus at risk for
deltabeta-thalassema demonstrated the feasibility of these improved methods for
antenatal diagnosis. The molecular studies confirmed the diagnosis predicted by
analysis of fetal blood and established at birth.
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Dr. Robert Edwards, left, and Dr. Patrick Steptoe at news conference yesterday in Manchester, England

Scientists Praise British Birth as Triumph

Doctors’ Success in Conception in the Laboratory
* Intensifies the Debate Over Reproductive Control

Early Insertion of Embryol
Into Womb Is Linked to
Successful Gestation

ByROY REED

Special to The New York Times

LONDON, July 26 - Scientists ap-
plauded, English churchmen nodded a
qualified approval and the British press
turned somersaults today to welcome the
world’s first baby born from an egg ferti-
lized in a laboratory.

The 5-pound-12-ounce baby, a girl born
slightly prematurely, was delivered by
Caesarean section last night at the Ol
ham Generai Hospital in Lancashire.

‘Patrick C. Steptoe was in charge of

delivery. A hospital spokesman said
baby was ‘‘quite normal."’

At a news conference today, Dr. Ro
G. Edwards, a Campbridge Univergi
specialist in reproductive physiol
who was one of the two physicians
volved in the birth, said that the embryo
was placed in the womb of Mrs. Brown
two and a half days after fertilization.
This was in contrast to the four and a half
days that had elapsed before the embryo
was placed inside the womb in earlier at-
tempts, he said. When the embryo was
placed in Mrs. Brown's womb, he added,
it had only reached the eight-cell stage.

S[.tpported Earller Speculation

This Supparted earlier speculation that
such early insertion, which was previ-
ously thought to endanger the embryo,
had contributed to the procedure's suc-
The baby was gestated in the normal
manner, with placenta and umbilical
cord linking it to the mother's bload sup-

Steptoe, first became widely known, it
was denounced by a number o‘? screntists, |

CONDON, July 26 — The first authenti-
cated birth of a baby conceived in a labo-
ratory, an event that comes on the heels
of other developments in reproductive
contro!, has intensified debate among
scientists that touches such issues as the
sanctify of life. =~ ”

Early in this decade, when the work of
the two men responsible for the birth, Dr.
Robert G. Edwards and Dr, Patrick C.

theologians and others. In Britain a win-
ner of the Nobel Prize in chemistry
termed the research a "'stunt” and pro-
posed that *'the whole nation should de-
cide whether or not these experiments
should continue,” ;
Some of the most vehement critics,
warning of dire social consequences,
have contended that procreation is sa-
cred and that the performance of its most
critical step in a laboratory degrades hu-

By WALTER SULLIVAN

Special i The New York Times

Other critics have said that, in a world
suffering from overpopulation, scientists
should concentrate on how to prevent
births rather than encourage them.

This is the last of three articles on the
implanting of human embryos and its
implications.

Questions about the medical procedures
and the possibility of birth defects have
en raised also. And there is consider-
aple controversy involving the destruc-
tipn of embryos that attempts at implan-
tdtion could entail
What Dr. Steptoe and Dr, Edwards did
s enable Lesley Brown two become
plegnant despite a defect in her oviducts.
rs. Brown gave birth last night in Old-
am, England, to a healthy girl that the
Browns named Louise today. The preg-
nancy was reportedly achieved by

manity.

Continued on Page A16, Column 5

position on peace talks.
*We Shall De So,’ Begin Says

Mr. Begin, appearing on television,
seemed unruffled by the Egyptian order,
implying that it was part of a new war of
nerves by Cairo in the strained peace
maneuvering. He urged Israelis to be pa-
tient, saying: “1 don't minimize any-
thing. I advise all Israelis to have strong
nerves."”

Mr. Begin said he received the order
for the recall of the Israeli group a few
hours earlier. “We shall do so,” Mr.
Begin added.

“Welcome home,'” he said in reference
to the small Israeli mission, whose mem-
bers;spent much of their time at a mili-
tary base near Alexandria playing volley-

ball and cards. The mission had been a~

lingering symbol of direct Egyptian-Is-
raeli contact in the uncertain period that

Continued on Page A3, Column 1
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Doctors Isolate a Human Gene,
Allowing Birth-Defect Detection

BOSTON, July 26 — For the first time,
doctors have been able toidentify asingle
gene among the millions in a human cell
and can now see whether an unborn baby
is missing certain parts of its genetic

By United Press Intematonil

detection of only a rare group of genetic

diseases, researchers predicted that

within a few years they will have the

genetic knowledge enabling them to de-

tect more common ones, perhaps even
hrosis

Justice Dept. Supports
Detroit Police Quotas

By STEVEN V. ROBERTS
special o The New York Times

WASHINGTON, July 26 — In its first
official interpretation of the Supreme
Court's Bakke decision, the Justice De-
partment has urged approval of an af-
firmative action program that sets strict
numerical quotas for the promotion of

| blacks in the Detroit police department.

The Court's decision last month did not
require public agencies to be ‘‘color-
blind," the department argued, and did
not disturb previous rulings that required
such agencies to take positive steps to
remedy the effects of past discrimina-

'!.ion. g

! The Justice Department’s comments
tame ip a brief as a friend of the court
fited today with the United States Court of
Appeals for t_he Sixth Circuit in a case
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Assisted Reproduction

* Developed largely out of sight (and the US)

 Ethical outcry rapidly subsided as success of
procedure became apparent

e Little regulatory oversight developed and further
advances occurred largely in the private sector

e Created market for gametes

e Has provided many women, and couples, the
potential to have children that they might otherwise
not have



Business Week, November
— 18,1985

THE

GENE DOCTOR

SCIENTISTS ARE ON THE VERGE OF CURING LIFE'S CRUELEST DISEASES

han anything else, Tara
] 1 like: a puppy. That's
not unuseal for o niney
fa

girl, But for Tara, a pet cou
She is a victim of Apa defi
inherited immunaolo
killed David, the famous “Bubble Boy.”
Although her dizease 15 not a5 seVere as
David's, & steay virns picked up from
I or peraon could mean death,
Ag a result, Tara cannot go to school,
She must stay i her home in Bellevue,
vig @ speakorphone to
chisses poing on g ol sehoolreom.
Her few playmates must be carefully
sereaned for sniffles and chicken pos.
And once 3 month she must endure
lengthy blood wansfusions o give her
some small but crucial resistance to
dizease.

Taru's maludy wight be helped by o
bone-marrow transplant. The new mar-

row would produce the missing en-
yme—adenosine de e, OF ADA—
from which her disease t 188 niAme,
But the transpl is rsky, and it
could even be fats even though Tara
is living on borrowed time—few ADa
children live past the age of two—
Tara's parents are holding out for o
slartling sew develup ik wslled gene
therapy. Instead of implanting marrow |
cells from a donor, doctors would go

directly to the root of Tara's problem

and replace the defective gene in her

W TEFPOW.

GREEN LIGHT. Just a decade ago, the

prospeet of manipulating human genes

was almost inconceivable. Seientists

were just beginning to decipher the tan-

gle of deoxyribonueleic ackl, or DNA,

that carries the hereditary eoding for |
he puee of the research

. In the late 1970s,

haa been aszt

they first put hum into bacte-
ria, turning them into factaries for use-
ful proteins. Then, in 1982, carchern

alered the genes of 4 higher animal.
Seientists at the University of Pennsyl-
vania ereated a huge “Supermouse” by
transplanting a gene for rat growth hor-
mone into & mouse embyro,

Gene Therapy



Gene Therapy

« Attempt to introduce expressible genes (DNA) into
somatic cells in effort to correct or modulate function(s)

e Challenge in “engineering” as well as biology

e Initially envisioned to be most useful for inherited
disorders, e.g. sickle cell anemia, immune deficiencies
(largely of the blood system)

e Soon thereafter, proposed for other inherited
disorders, e.qg. cystic fibrosis, muscular dystrophy

 Largest initial clinical efforts early on turned out to be
In infectious disease (AIDS) and cancer



The Crime of Scientific Zeal

New York Times (1857-Cuwrrvent file}; hin 5, 1981; ProCuest Historical Newspapers The New York Times (1851 - 20

pz. A26

The Crime of Scientific Zeal

The reprimand by the National Institutes of Heaith
of & California scientist who performed impropey gene-
splicing experiments has broad symbelic importance.
More 15 at stake here than the misconduct of Dr. Mar-
tin Cline of the University of California at Los Anpeles
- apparentiy the first scientist {o insert controversial
“recombinant DNA™ molecules into humans,

Few fields of research excite so much public inter
est and apprehension. When first discovered, the splic
ing of genes from different organisms inte new recom:
binant genes led rnany scientists to fear the inadvert.
ent production of new arganisms, even monsters ¢aps-
bie of causing devastating epidemics or disrupting
human evoiution, Federal guidelines were written {g
regulate the research,

Muost scientists have singe concluded that the risks
are shight and the potential benefits — in medicine,
agriculture and industry — enormous. But they respect
the public’s concern and discipline themselves accord.
ingly.

Dr. Cline's experiments viglated this restraint. His
goal was laudabie: to treat painful, incurable and often
fatai blood diseases, like beta-thalassemia and sickle
cell anemia. They are caused by genetic defects that
might be repaired by introducing normal genes into the

Reproduced with permission of the copynght owner.
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patient’s bone marrow cells. The genes might be pure
or in 8 recombinant form with other genes — maybe
those of & virus, which increase the chances of success
but also the risk.

A university review committee stopped Dr. Cline
from using pure genes until he had performed more
animal tests, In Israel, however, a similar committee
agreed 10 human tests, Bul at the last minute, without
telling anyone, Dr. Cline used recombinant genes,
about which the Israelis had expressed particular con-
tern. He then moved on t¢ Ttaly and inserted recombi-
nant genes in & second patient, apparently satisfying
less exacting standards there,

No gne was hurt, but there {5 no evidence that the
patients were significantly helped or that science was
advanced. Dr. Cline has been forced to resign a univer
sity division chairmanship, and the National Institutes
of Health wili henceforth show the most exacting care
inmonitoring his work,

He was rightly punished. And the public should fee!
reassured. If scientists expect to keep pursuing their
studies without undue poiitical interference, they can
keep only one eye on the microscape. The other should
ook around. The freedom of science is inseparable
from the public trust in science,

Further reproduction prohibited without pemmission.
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Gene Therapy ‘Oversold’

By Researchers, Journalists
NIH Aduvisers Cite Nearly Uniform Failure

By David Brown
Washington Post Staff Writer

Gene therapy as a treatment for
human diseases has been “oversold”
by scientists and the news media
even though it has been a nearly
uniform failure, a panel of scientific
advisers told the head of the Na-
tional Institutes of Health yester-
day.

Although the manipulation of
genes will almost certainly prove
useful sometime, huge gaps of
knowledge must be filled in before
it becomes a practical form of treat-
ment. More effort should be devot-
ed to answering questions in the
laboratory, and less to trying out
long-shot therapies in patients, the
panel suggested.

“Strict adherence to the highest
standards of excellence in clinical
[experiments] must be demanded,”
Stuart H. Orkin, one of the panel’s
chairmen, told a meeting of top NIH

officials. “Inherent in that is the
suggestion that we don’t think
that’s been the case so far.”

Although couched in the deco-
rous and circumspect language of
science, the panel’s report is a stern
critique of virtually everyone in-
volved in gene therapy.

Researchers were chided for, in
some cases, jumping immediately
from the discovery of a “disease
gene” to trying gene therapy, with-
out first using the newfound knowl-
edge as groundwork for more con-
ventional treatments. Heads of
NIH’s many institutes were cau-
tioned against promoting mediocre
gene therapy projects just for the
status they confer, Both the news
media and research establishment
were accused of exaggerating gene
therapy’s “promise” to a gullible
public.

Genes, made of DNA, reside per-
manently inside nearly all cells.

See NIH, A22, Col 1

NIH review of
gene therapy
1995
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NEWS OF THE WEEK

Panel Urges Limits on X-SCID Trials

A US. advisory comimittee last week recom-
mended limits on gene therapy trials in lipht
of a third case of leukemia in a study in
France. The panel suggested that TS, studies
of the same disease, X-linked severe com-
bined immunodeficiency (X-SCID}, should
enroll only patients for whom conventional
treatment has failed However, trials of related
diseases, as well as gene therapy trials using
similar retroviral vectors, should continue,
the panel said. The third leukemia “doesn’t
change the sense ofunease dramatically,” said
chair Mahendra Rao of the National Institites
of Health (NIH}.

Gene therapy trials for SCID have been
the field’s only success; since 1999 gene ther-
apy has restored the imummune systems of at
least 17 children with two forms of the disor-
der Excitement turned to worry in late 2002,
however, when two children developed T-cell
leukemia in a trial of X-SCID led by Alain
Fischer at the Necker Hospital in Paris; one

child died last fall. Although
trials put on hold later
resumed, a repott that a third
child in the French trial
developed leukemia in Jarm-
ary rekindled concerns
about the therapy’s risks
(Science, 18 February,
p. 1028},

This latest leukemia
appears to be different
from the previous two.
Those occurred after aretro-
virusg carrying a gene called
gamma ¢ inserted into the
oncogene LMO2 in bone
martow cells in infants less
than 3 months old, noted
Food and Dmg Administration (FDA) official
Carolyn Wilson at a meeting of the FDA Cel-
lular, Tissue, and Gene Therapies Advisory
Committee. According to data provided by

therapy trial.

Success story. ChristopherReid, a
patient in a British X-5CID gene

Science, March, 2005

Fischer and French anthori-
ties, the third child, who was
treated at 9 months old,
does not appear to have an
LMG2 insertion. Although
the vector again apparently
landed on an oncogene or
oncogenes, the insertions
occurred at three sites that
have not yet been identified

The panel also heard
other new data, which
offered a mixed message.
Last September, a monkey
died from a leukemialike
cancer at NIH, apparenty as
a result of being treated in
1999 with a retrovirus carry-
ing two marker genes, reported Cynthia
Dunbar of NIH. On the other hand, NIHs
Utpal Davé described a report last vear in Sei-
ence on a retrovirus-induced mouse b

Complication of gene therapy for immune
deficiency: acute T-cell leukemia




REPORT AND RECOMMENDATIONS OF THE PANEL TO ASSESS THE NIH
INVESTMENT IN RESEARCH ON GENE THERAPY

Stuart H. Orkin, M.D.
Arno G. Motulsky, M.D.

Co-chairs

December 7, 1995

“Because clinical experience is still so limited, it is not possible to
exclude longterm adverse effects of gene transfer therapy, such as
might arise from mutations when viral sequences randomly integrate at
critical sites in the genome of somatic cells. It must be noted that
multiple integration events resulting from repeated administration of
large doses of retroviruses theoretically pose a risk for leukemic
transformation. Only longitudinal clinical followup of treated patients
can provide data on the long term safety of gene therapy protocols.”




Gene Therapy: where are we now?

We know it “works” in the proper clinical setting with fastidious
attention to detall

But, as with all therapies, we appreciate that there are serious,
potential complications, some of which could have been anticipated

Some promising findings in other type of X-SCID and in host
defense disorder (chronic granulomatous disease) and also in forms
of hemophilia

Prediction: gene therapy will ultimately find a place in medicine, but
applications for the foreseeable future are likely to be limited to rare
disorders, rather than more common diseases

Prospects may change radically IF methods are developed to correct
genes in situ rather than merely add genes randomly, as done to
date

Timeframe: to date, >25 yrs with checkered success



Comparisons of stem cell field to others

. As with BMT, assisted reproduction, and gene therapy,
potential for large, positive impact on human health
exists

. More than BMT or assisted reproduction, stem cell
research is conducted under the “microscope” of the
public

. Regqgulatory oversight (ie guidelines) introduced earlier In
evolution of the field

. Intellectual property involvement also introduced eatrlier:
will this inhibit applications?



Highest priority areas for stem cell field

ldentifying and characterizing stem cells in different organ
systems: Are there stem cells? How to isolate them and
study their properties and capabilities? What is the niche of
stem cells in different organs?

Delineating pathobiology of target diseases: What is the
role of stem cells? What might stem cells (and/or their
descendents) offer?

Elucidating self-renewal in stem cells: harness cellular
reprogramming and directed differentiation

Developing real-time, informative methods for examining
fate, behavior and function of stem cells following
Introduction into animal models or patients: experiments
must inform science, not just “yes or no”



Challenges going forward

Developing the infrastructure for proper characterization,
maintenance, and expansion (or differentiation) of stem
cells for clinical use (not only lab but also regulatory and
Intellectual property infrastructure)

Designing preclinical studies that provide maximum,
relevant data for considering transition to the clinic

Designing clinical studies that provide real-time surrogate
measures of in vivo effects

Balancing the prospects for success and the realities of
potentially inadequate therapy or serious “side-effects” in
treating life-threatening or debilitating disorders



Challenges going forward

1. Stem cell infrastructure: embryonic stem cell bank,
training center(s), exploration of alternative means of
embryonic stem cell generation, antibodies for
prospective isolation of subsets of cells and adult stem
cells, GMP lab(s) for cell expansion

2. Preclinical studies: appropriate animal models of
diseases, imaging of introduced cells, “animal hospital”,
toxicology

3. Clinical studies: fastidious design with real-time
surrogate measures, “translational lab(s)” for assays of
relevant biomarkers, careful but balanced oversight,
registry, involvement of pharma expertise and support



